2.
Values in parentheses are for the high-resolution shell.
D zz,-5/2 broadband ELDOR-NMR
4. Structural survey of Mn, cambialistic and FeSODs used for entries in Table 1 .
Sixty-four structures of the Mn, cambialistic and FeSODs found in the PDB database were examined. Each structural element, calculated from the structures, were assumed to be statistically independent. PDB accession codes used in the analysis of the crystallographic data. Many of the structures were of proteins carrying a mutation. However, the maximum standard deviations, ±10º for dihedral angles, ±0.12 Å for the Mn(II)-Water bond-lengths and ±0.07Å for the other bond-lengths, were only modestly larger than the variation seen among the wild-type S. aureus, E. coli and H. sapiens MnSODs. The averages and standard deviations given in Table 1 show a conservative estimate of the variation in the structural parameters.
Mn containing structures: 1ap5, 1ap6, 1ar4, 1em1, 1en4, 1en5, 1en6, 1gn4, 1gv3, 1i08, 1i0h, 1ix9, 1ixb, 1ja8, 1kkc, 1luv, 1luw, 1n0j, 1n0n, 1pl4, 1pm9, 1qnm, 1szx, 1ues, 1var, 1vew, 1xdc, 1xil, 1xre, 1zsp, 1zte, 1zuq, 2a03, 2adp, 2adq, 2aw9, 2cdy, 2ce4, 2p4k, 2qka, 2qkc, 2rcv, 3ak2, 3bfr, 3c3s,  3c3t, 3dc5, 3dc6, 3kky, 3lsu, 3mds, 3qvn, 4br6, 4c7u, 4e4e, 4f6e, 4gun, 4jzg, 4x9q, 5a9g.   Cambialistic enzyme structures with Mn  1ar4, 1ues, 3ak2, 4jzg Cambialistic enzyme structures with Fe 1ar5, 1bs3, 1bt8, 1uer, 4yio, 1avm, 1bsm, 1qnn, 3ak3, 4yip.
Fe containing structures 1b06, 1coj, 1gn6, 1ids, 1isa, 1isb, 1ma1, 1my6, 1unf, 1wb7, 1wb8, 1y67, 1za5, 2bkb, 2bpi, 2cw2, 2cw3, 2goj, 2gpc, 2nyb, 2w7w, 3cei, 3esf, 3h1s, 3js4, 3lio, 3ljf, 3rn4, 3tjt, 3tqj, 4dvh, 4f2n, 4ffk, 4h3e, 4jyy, 4l2a, 4l2b, 4l2c, 4l2d, 4yet.
Supplementary Methods

EPR Spectroscopy.
The 94 GHz EPR and ELDOR-NMR spectra were obtained at 5 K using a Bruker Elexsys II 680 EPR spectrometer equipped with a "power upgrade 2" and an Oxford Instruments CF935 flow cryostat. The EPR spectra were obtained by measuring the amplitude of a standard twopulse Hahn echo (t p (π)=24 ns and interpulse time of 400 ns) as a function of the magneticfield.
The ELDOR-NMR spectra were obtained by measuring the integrated two-pulse echo intensity detected at ν obs as a function ν ex ( Figure S3 ) . They were typically taken overnight.
Microwave cavity tuning, and the lengths and powers of the excitation and detection pulses Figure S3 . The ELDOR-NMR experiment. A pulse with frequency ν ex and duration t ex excites a forbidden transition inverting the populations of the two states. The excitation of the forbidden transition reduces the intensity of the electron spin echo (from black to red) detected at ν obs . The ELDOR-NMR spectrum is the echo are listed below. The choices in these parameters were dictated by efficiency and spectra resolution. Spectra were typically taken overnight. All ENDOR spectra were recorded using the method of Davies. [4] They were obtained with a 200-ns microwave preparation pulse followed by a 16-µs radiofrequency pulse and two-pulse spin-echo detection (12-and 24-ns microwave pulses separated by 400 ns) and with a shoot repetition time of 11 ms. Spectra typically took overnight.
Determination of D and E values from spectra. The zero-field D and E values were
obtained directly from the spectra using the three D nn,-5/2 (nn=xx, yy and zz) field positions shown in Figure S4 . These positions are given with respect to ν/gβ (where ν is the microwave frequency, g=2.0010 [5] and β=13.996246 GHz/T). The values could be 'read-off' using the first order equations: However, since |D|/ν was significantly large, the equations for the field positions to secondorder in D and E were required to achieve greater accuracy. They were derived from the work of Bir [6] and are: equations. The second-order D value was then used to obtain a second-order estimate of E.
The last two steps were repeated after which the values became self-consistent. The use of differences rather than absolute field positions removed systematic errors arising the measurement of the magnetic-field.
Analytical expressions for the orientations contributing to the D -3/2,yy magnetic-field position. The orientations of the magnetic-field with respect to the zero-field interaction that contribute to the D -3/2,yy magnetic-field position can be derived from Eq.1. For the m s =-5/2↔-3/2 transition, they are:
the m s =-3/2↔-1/2 transition:
and m s =+1/2↔+3/2 transition:
For the ENDOR calculations, the second-order versions of the expressions were used. These did not lend themselves to simple analytical solution like the three above and required numerical solutions.
DFT Calculations. Density functional theory (DFT) calculations were carried out using Gaussian 09 (Revision B.01) [7] and ORCA [8] . The former was used to optimize geometries using the B3LYP [9] [10] [11] [12] /6-31+G(D,P) [13] [14] [15] [16] hybrid density functional and basis-set and default options. The latter was used to obtain the hyperfine coupling values using the PBE0 [17] /6-31+G(D,P) [13] [14] [15] [16] combination and the tightSCF and Grid5 options. Normal mode analysis
showed that the GO model was a true minimum energy structure. CM5 charges were calculated using Gaussian.
Calculation of ENDOR and ELDOR-NMR spectra. The hyperfine tensors and their
orientations obtained from the DFT calculations were used to calculate the ENDOR and ELDOR-NMR spectra. They were used to solved the spin Hamiltonian:
The D N are functions of D, E, θ zf and zf and are given in reference [6] . The zero-field D and E values were those obtained from field-swept spin echo spectra described above. For the 14 
Cloning, expression and purification of the SOD enzymes.
The cloning of the S. aureus sodA gene (ORF SAOUHSC_01653), encoding MnSOD, and the sodM gene (ORF SAOUHSC_00093), encoding camSOD, has been described previously.
(Garcia et al., 2017).
The Escherichia coli sodB gene, encoding FeSOD, was amplified from Escherichia coli K12 MG1655 genomic DNA using Phusion DNA polymerase (NEB) with the primer pair introducing 5' NcoI and 3' XhoI restriction sites (Table S4 ). The genetic insert was cloned into NcoI/XhoI (NEB) digested pET29a E. coli expression vector (Novagen). After sequencing (GATC Biotech, Germany), site-directed mutagenesis with sodB-qc1_F and sodB-qc1_R primer pair was used to correct for an introduced Gly2 residue (insertion of G5, C6 bases) and revert to the wild type sequence, which was confirmed by sequencing.
Expression and purification of the S. aureus SODs was essentially as described (Garcia et al., 2017) with minor modifications. E. coli BL21 (λDE3) cells (Table S5 ) transformed with pET29a-sodA and pET29a-sodM constructs were cultured at 37ºC with 180 rpm orbital shaking in lysogeny broth (LB) medium containing 5 mM MnCl 2 and protein expression was induced by addition of 1 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) followed by incubation for 4 h under the same conditions. After purification as described (Garcia et al., 2017), in order to yield a sample of protein that contained exclusively manganese, proteins were unfolded in 2.5 M guanidine hydrochloride, 5 mM EDTA, 20 mM 8-hydroxyquinoline pH 3.8 [1] , to remove bound metal ions, followed by refolding through several rounds of dialysis against 20 mM Tris, 100 mM NaCl, 10 mM MnCl 2 , pH 7. E. coli FeSOD protein was expressed in an E. coli BL21 (λDE3) ΔsodA strain, which was created with P1 phage-mediated transduction [19] of the (sodA::MudPR13)25 allele from PN134 strain background [20] , kindly provided by Dr James A. Imlay, Illinois. The pET29a-sodB construct was transformed into E. coli BL21 (λDE3) ΔsodA cells and selected on LB agar plates containing 50 µg ml -1 kanamycin, 10 µg ml -1 chloramphenicol (sodA::cam). For protein expression, cells were cultured at 37ºC with 180 rpm orbital shaking in M9 minimal medium [21] containing 0.2% Casamino acids, 0.25 mM MnCl 2 and selective antibiotics (50 µg Primer name 5'-3' sequence sodB-amp-NcoI_F GCGTCCATGGgcTCATTCGAATTACC sodB-amp-XhoI_R GCGTCTCGAG TTA TGC AGC GAG sodB-qc1_F GCC ACG CGG TTC CAT GTC ATT CGA ATT ACC TG sodB-qc1_R CAG GTA ATT CGA ATG ACA TGG AAC CGC GTG GC Table S5 . E. coli strains used through this study
Elemental analysis of recombinant proteins by inductively coupled plasma mass-
spectrometry (ICP-MS)
Analysis of the metal content of purified proteins was performed by ICP-MS using a Thermo x-series instrument operating in collision cell mode as previously described (Garcia et al., 2017). Stoichiometry of metal to protein was determined by comparing quantified analytes with the protein concentration (A 280nm ).
SOD activity assay
SOD activity was assessed qualitatively in-gel by nitrotetrazolium blue chloride negative staining of purified protein samples resolved on non-denaturing 12% polyacrylamide gels [6] as previously described (Garcia et al., 2017).
Preparation of protein samples for EPR
The purified protein samples for EPR experiments were treated with 10 mM EDTA at room MME for Mn(cam)SOD. Samples were cryo-protected using the reservoir solution complemented with 20% PEG 400. X-ray diffraction data were collected at the Diamond Light Source synchrotron (Didcot, UK). The data were processed using XDS [22] and scaled using Aimless (Evans, 2013). The phase problem was solved by molecular replacement using Molrep [23] , using the search model 2RCV. The pdb models were completed by iterative cycle of refinement in Refmac [24] in tandem with manual model rebuilding in COOT [25] . The PDB codes for Mn(Mn)SOD and Mn(cam)SOD are 5N56 and 5N57, respectively. The data collection and refinement statistics are summarized in Table S1 . All crystallographic images were generated using PyMOL Molecular Graphics System, Version 1.8 (Schrödinger, LLC). 
